The structural gene for type 3 M protein of Streptococcus pyogenes, which consists of an N-terminal variable portion and C-terminal conserved repeat regions, has been cloned by the polymerase chain reaction (PCR) with two primers (K-1 and K-2). They were selected from the best conserved region of the leader sequences and of the C-terminal portion near the Hexapeptide (LPSTGE) sequence found in different M proteins. From the nucleotide sequence of the product, 1645 base pairs were determined, including 32 amino acids of the leader sequences, the complete N-terminal variable region and the conserved C repeat regions. Analysis of the deduced amino acids of the sequence revealed the existence of two major repeat regions, the B and C repeat regions. Comparison of the C-repeat regions among M3 and other M proteins showed them to be more than 90% identical. The two B repeat blocks in M3 protein are also similar to those in M12 protein. Predictive secondary structure analysis of M3 protein reveals a strong alpha-helical potential. The algorithm also shows that the beta-sheet and turn potential for region 23-42 in M3 protein are similar to those for region 28-50 in M12 protein. The results indicate that M3 protein is closely related to M12 protein.
Introduction
Streptococcus pyogenes is responsible for a wide variety of human diseases, the most common of which are nasopharyngitis and impetigol). Moreover, streptococcal pharyngeal infection in humans may develop into rheumatic fever or glomerulonephritisl). The principal virulence factor of S. pyogenes is a cell wall constituent known as M protein that gives the organism the ability to resist phagocytosis2). This virulence factor displays antigenic diversity within its amino terminal region2). The highly variable portions of M proteins form the basis of a serological typing scheme, and only antibodies directed to type-specific epitopes are capable of circumventing the antiphagocytic effect2). M protein is thought to inhibit alternative C3 convertase formation to restrict deposition of C3 on the streptococci and also to inhibit the classical C5 convertase formation in order to interfere with efficient complement receptor-mediated phagocytosis4).
However, the relationship between M protein antigenic diversity and its antiphagocytic activity is not understood, and neither is the genetic basis for M protein antigenic diversity or the structural basis for functions common to all M protein serotypes. In order to characterize them in more detail, the nucleotide sequences of genes encoding a number of different M protein serotypes need to be cloned, sequenced and compared. In this report, we describe the cloning and sequencing of emm3 from the S. pyogenes type 3 M protein gene which has not been known to date and compare this gene with others reported previously.
Materials and Methods
Bacterial strains, plasmid and media: S. pyogenes, the M+ (type 3) strain C203 (ATCC 12384) was used in this study. Escherichia coli SJ2, harboring plasmid pJRS42.50, consists of an Xba I-Pvu II fragment including the emm6 gene from S. pyogenes D471 cloned into pUC19; it was a gift from om Dr , June R. Scott5). E. coli JM109 was used as the recipient for plasmid transformation and for phage M13 propagation. The plasmid vector was pUC118 obtained from Takara Shuzo Co., Ltd, Kyoto, Japan. S. pyogenes was grown in Todd-Hewitt broth (Difco Laboratories, Detroit, MI, U.S.A.); E. coli strains were grown in LB broth. E. coli SJ2 cultured in LB broth containing 50p of ampicillin per ml was collected by centrifugation at 8,000 rpm for 30 min, and the plasmid in the bacteria was isolated with a Qiagen column (QIAGEN-tip 100) (Diagen Inc. Chatsworth, CA, U.S.A.), according to the protocol of the manufacturer. The isolated plasmid was digested with Msp I and Pvu II restriction enzymes. After electrophoresis of the restricted plasmid in a 0.8% gel, the fragment, which contained only the region encoding the M6 protein and lacked 32 bases at the 5' end and 38 bases at the 3' end of the gene, was purfied with a Gene Clean Kit (Bio 101, Inc., La Jolla, CA, U.S.A.).
Oligonucleotides: Two oligonucleotides were synthesized with a 380 B automatic DNA synthesizer (Applied Biosystems Inc., Foster City, CA, U.S.A.) and used as specific primers for the required extension and amplification reactions. They were 31-mer (specific primer K-1; 5'-CCGGGATCCTATTCGCTTA-GAAAATTAAAAA-3') and 30-mer (specific primer K-2; 5'-CCGGTCGACAAGTTCTTCAGCTTGTT-TCGC-3'). The K-1 and K-2 primers contained Bam HI and Sal I recognition sequences at the 5' end respectively. This made it easy to insert the amplified fragment into the vector. DNA sequence: Plasmid pUC118 harboring the emm3 gene transformed in E. coli JM109 was grown in L-broth containing 50 ,ug of ampicillin per ml and purified with Econopack Q (Pharmacia LKB Biotechnology Inc., Piscataway, N.J., U.S.A.). The purified emm3 gene inserted into the vector was digested with Barn HI, Sal I and Bgl II (fragments of about 440 and 1030 base pairs), with Barn HI, Sal I and Sca I (fragments of about 880 and 590 base pairs) and with Barn HI, Sal I and Stu I (fragments of about 1200 and 270 base pairs). Each fragment was purified with a Sephaglas(R) Band Prep Kit (Pharmacia) and inserted into M13 phage. Single-strand DNA was purified from the supernatant of the cultured phage with a Sephaglas(R) Phage Prep Kit (Pharmacia). The purified single-strand DNA was sequenced with an Auto Read(R) Sequencing Kit (Pharmacia) by A. L. F. DNA Sequencer (Pharmacia). 
Results
Cloning and nucleotide sequence of the emm3 gene from S.pyogenes type 3 strain C203 with PCR:
Much information is available on nucleotide sequences from various strains7)-12).We tried to obtain the Cl-repeat regions C2-repeat regions emm3 gene from the C203 strain by PCR. We selected a pair of forward and reverse primers,one (K-1;31 mer)from the best conserved portion in leader sequences of seven different strains,and the other(K-2;30 mer)from the C-terminal conserved portion5,7)-14).PCR was performed with these two primers.The amplified product showed a single band approximately 1.4-1.5 kilobases(Kb)in length in agarose gel electrophoresis ( Fig.1-A) and was hybridized with the digoxigenin-labeled Msp I-Pvu II fragment of the emm6 gene ( Fig.1-B and C) . The DNA sequence of 1465 Kb of the amplified product was determined with a DNA sequencer and is shown in Fig.2 .The sequence indicated that the oligonucleotide sequences of the two primers existed in the 5' and 3' end (forward primer,5' (CCGGGATCC) TATTCGCTTAGAAAATTAAAAA 3'; reverse primer, 5' (CCGGTCGA)CAAGTTCTTCAGCTTGTTTCGC 3D,and also encoded 488 amino acids which contained a leader sequence (1-32;defect first 9 amino acids),B repeat region (B1,286-309;B2,328-351) and C repeat region (C1,374-391;C2,416-433).
Comparison of the amplified product with other M protein genes:When the amplified product was compared with previously reported M protein genes7a-'3),the leader sequence or C repeat regions showed high homology with the other emm genes( Fig.3 and 4) .While the N-terminal amino acid portion of the amplified product was variable,it was found to be identical to 96 of 98 nucleotides downstream of the leader peptide sequence of another emm3 gene15).Therefore,the amplified product was characterized as the emm3 gene.
Comparison of homologous regions in M3 and M12 proteins:When the region of 252-488 deduced amino acids in M3 protein was compared with the region of 256-355 and 357-493 deduced amino acids in M12 protein, 96.6% homology was found between them (Fig.5) .Interestingly,the B repeat region showed high homology with only that of M12 protein(91.7 and 100%,respectively). However,the A repeat region in M12 protein was not present in the M3 protein.Predictive secondary structure analysis of M3 protein: From analysis of the predictive secondary structure of the amplified product by the algorithm of Robson), most of the product was found to exhibit strong alpha-helical potential.In addition,the beta-sheet and turn potential seen for region 23 to 42 in the M protein was similar to that seen forregion 28 to 50 in M12 protein. screened.However,our product amplified by PCR from the type 3 strain C203 of S.pyogenes was a single DNA and had no homology with amino terminal regions of the streptococcal immunoglobulin-binding proteins.Furthermore,96 of 98 nucleotides downstream of the leader peptide sequence of the amplified product were found to be identical to the corresponding sequence of another emm3 gene of type 3 M strain 3-3/31715).The evidence shows that the amplified product is the emm3 gene. B and C repeat blocks that exist in M3 protein are similar to those in M12 protein (Fig. 5) . Furthermore, predictive secondary structure analysis of M3 protein revealed that the majority of the products exhibit strong alpha-helical potential as found with other M protein structures19). The algorithm also showed that region 23-42 exhibits beta-sheet and turn potential with a pattern similar to that for region 28-50 found by predictive secondary analysis of M12 protein.
S.pyogenes can be divided into two major classes on the basis of their immune reactivity with monoclonal antibodies(mAbs)directed against epitopes which lie within the conserved half of M proteins20).Class I serotype are defined as those which bind their mAbs,whereas class II isolates do not.
Mainly the class I-specific mAb binding sites map to a region of C repeats within M proteins.Inasmuch as the C repeat region of our emm 3 gene represents more than 90% homology with the known emm genes,it belongs to the class I serotype.This agrees with the report of Bessen et al.who decided that M type 3 S. pyogenes had a class I protein20).Furthermore,we found similarity between emm 3 and emm 12 genes in their B repeat regions and predictive secondary structure.Thus,there may exist a subclass of class I M proteins. Bessen et al.20 )discriminated between serotypes sharing both B and C repeat region epitopes and those sharing only C repeat region epitopes by using only antibody probes directed to antigenic sites within the B and C repeat regions of the M protein molecules in class I serotype.We suggest that M3 and M12 proteins belong to a subclass of class I M proteins.
